ABSTRACT: Introduction: We conducted a study to reveal trends in steroid prescription for Duchenne muscular dystrophy (DMD) patients in Japan. Methods: We asked patients (ages 5-20 years) identified in the patient registry and their clinicians about steroid therapy experiences. Regimen, dose, and starting age were compared among 3 subgroups according to prednisolone initiation year
linked disease that affects 1 in 5,000-6,000 newborn boys. 1 The disease follows a progressive course of muscle weakness, including respiratory and cardiac muscles. Affected boys lose the ability to ambulate independently between ages 10 and 12 years. 2 Although multiple treatment strategies are under investigation and have shown promise for DMD, 3 corticosteroids remain the only drugs with objectively confirmed effects on muscle weakness. Steroid therapy can alter the course of DMD, improve muscle function, and prolong walking ability for 2-5 years. 4 The effects of steroids can also be recognized after loss of ambulation in terms of a reduced incidence of scoliosis and slower decline of upper extremity and cardiorespiratory functions. 4 However, long-term, daily use of steroids is associated with various side effects, and several investigations into the optimal timing, dose, and regimen of steroid therapy are ongoing. Alternative dosing regimens, such as weekend dosing (10 mg/kg/week divided over 2 weekend days), 5, 6 lower doses, 7 and alternate-day doses [8] [9] [10] have been reported, but there is currently no consensus on which offers the most effective regimen with the fewest side effects. 11 Steroid therapy for DMD was introduced in Japan in the 1990s. 12 Most previous studies elsewhere in the world have used prednisone, which is not available in Japan. Instead, we focus on prednisolone, which was approved for pharmaceutical use in DMD patients in 2013, and practice guidelines were published in 2014. 13 We previously reported on the long-term effects of prednisolone on walking ability. 14 In the current study, we carried out a survey to reveal the trends in steroid therapy for DMD in Japan.
MATERIALS AND METHODS
Study Population. A National Registry of Dystrophinopathy (Remudy) 15 was established in collaboration with the Translational Research in EuropeAssessment and Treatment of Neuromuscular Diseases (TREAT-NMD) Network of Excellence 16 in 2009. As of December 2013, it included 1080 registrants with genetically and clinically diagnosed DMD. Of the 1,080 registrants, we selected 639 patients who were ages 5-20 years (born between 1995 and 2008) (Fig. 1) .
Questionnaires. We prepared questionnaires for patients (and/or families) and their clinicians. The patient questionnaire asked if the subject used/had used steroids or not. Steroid users (past or present) were then asked about their experience with steroid therapy, such as subjective efficacy, side effects, and concerns. The clinicians responsible for steroid users were asked about the course of steroid treatment, including steroid name, regimen, dose, starting/ stopping age, patient body weight at initiation, reasons for changing dose (increasing and/or decreasing), reasons for stopping steroids, and other drugs used with steroids. Finally, steroid users and their clinicians were asked if they would participate in a future study of steroid therapy, and the clinicians were asked to fill in their name and that of the clinics (Fig. 2) .
Recruitment. We distributed the combined questionnaire packs (including both the patient and clinician questionnaires) to all 639 patients by mail. When a patient and his family agreed to participate in the study, the clinician questionnaire was distributed to the relevant clinician during the patient's routine clinic visit. We collected replies by mail or electronically using SurveyMonkeyV R between December 2013 and July 2014.
Statistical Analysis. Categorical variables were expressed as numbers (%), and continuous variables were expressed as median (range: 25th-75th percentile). The dose at steroid initiation was calculated based on the prescribed dose and FIGURE 1. Flow chart of study. *One patient met [1] and [2] of our exclusion criteria. DMD, Duchenne muscular dystrophy; Remudy, Japanese national registry of muscular dystrophy. Outcome. Among the accumulated data, current age and information on steroid initial maintenance (starting age, steroid name, frequency, dose, and body weight) were analyzed. We classified the prednisolone-users into 3 subgroups based on year of initiation: 2000-2004, 2005-2009, and 2010-2013 . We chose the ranges because consensus statements for DMD were published in 2005 and 2010. 17, 18 Regimen, age, and dose (mg/kg/day) of prednisolone initial maintenance were compared among the 3 subgroups to determine trends in clinician prescribing behaviors.
Regulatory Issues. Approval for this study was granted by the National Center of Neurology and Psychiatry Ethics Committee. Participation in this survey was voluntary, and we regarded a reply to the questionnaire as agreement to participate. Participants were not compensated for their participation.
RESULTS
Patient Demographics. Of the 639 surveys sent out, 275 recipients responded. Of the 275 replies, 265 were from both patients and clinicians (response rate 41%), and 10 were from patients only. There was a higher response rate from younger patients than older patients (50% of 5-to 9-year-olds, 40% of 10-to 15-year-olds, and 34% of 16-to 20-year-olds). The 265 participants (median age, 11 years) included 155 present-users (58%, median age, 10 years), 20 past-users (8%, median age, 16 years), and 90 never-users (34%, median age, 13 years) ( Fig. 1; Table 1 ). Of the 175 steroid users, 18 (11 present and 7 past) were excluded because of incomplete data (regimen and/or age at initial maintenance) and/or use of steroids other than prednisolone (2 deflazacort, 1 dexamethasone). Finally, data for 157 patients (144 present and 13 past) were analyzed ( Fig. 1) . Table 2 Prednisolone Past Users. We received 20 replies from both patients and clinicians who had used prednisolone in the past. Figure 6 shows the profile of 20 past users, including age at starting/stopping prednisolone and the reason for withdrawal.
Reasons for withdrawal included side effects (n 5 12), loss of ambulation (n 5 6), medication in other hospital (n 5 1), and unknown (n 5 1). Obesity was the most frequent side effect (n 5 9) that led to stopping prednisolone.
DISCUSSION
This study provides evidence for trends in steroid therapy for DMD in Japan. Four regimens of prednisolone use were reported: daily, every other day, 10 days on 20 days off, and 2 days/week. Of these, every other day was the most frequent regimen overall, but daily use increased gradually throughout the study period.
Related studies from western countries have reported that clinical corticosteroid regimens vary 11 despite recommendations (Fig. 7) . [17] [18] [19] According to the survey of 770 DMD caregivers identified through TREAT-NMD registries, the proportion of patients currently taking glucocorticoids varies significantly between countries and ambulatory classes, with large differences in the prescribed glucocorticoid medications and regimens. Deflazacort was the most commonly used glucocorticoid in Germany, Italy, and the United States. Most U.K. patients were prescribed prednisolone. 20 This was also true in Japan, because deflazacort and prednisone were not available in Japan until 2015. Daily dosing predominated in the United States; intermittent regimens (for example, 10 days on 10 days off) were also prescribed in Germany and the United Kingdom, and alternate regimens (for example, every other day) were prescribed in Italy. High-dose weekend regimens were prescribed exclusively in the United States. In contrast, steroid regimens appear to be relatively consistent within some countries, such as the Netherlands 21 and Canada. 22 These wide differences reflect the historical background in each area or country, where prescription behaviors have been affected by expert opinion (Fig. 7) .
Consensus statements 17, 18 regard every other day regimens as "less effective, but should be considered when a daily schedule has side effects that are not effectively managed or tolerated". Prednisolone every other day regimens have been used since steroid therapy for DMD was introduced to Japan, in accordance with a domestic report in 1996. 12 The Japanese textbook Child Neurology published in 2008 23 referred to a prednisolone 0.75 mg/kg/day daily regimen 17 . However, it also noted that the "optimal dose for Japanese patients was still unclear," "1 mg/kg every other day regimen or 10 days on 20 days off were used more frequently," and "the author used daily regimens for patients with low-risk of obesity." However, we recently observed some changes, as clinicians' prescribing behaviors changed from expert opinion to evidence-based recommendation approaches.
Moreover, the development of new medicines for DMD may have encouraged the use of steroid therapy in accordance with recommendations. The median dose of daily prednisone was reported as 0.729 mg/kg/day in MD STARnet, 24 and 0.60 mg/ kg/day in participants in the Ataluren trial. 11 Both of these are similar to that in our study (0.68 mg/ kg/day) and are close to the recommended dose (Supplementary Materials, which are available online). In contrast, doses for every other day and 10 days on 20 days off were close to 0.30 mg/kg/ day, the minimum effective dose. Increasing daily regimen use seemed to increase the initial maintenance dose overall. In this study, prednisolone dose was lower in 8-to 13-year-olds than in 3-to 7-year-olds. We found a median starting age of 6 years, which is similar to that reported in a study of Dutch patients born between 1980 and 2006 (median starting age 6.5 years). 21 In a cohort study by MD STARnet, there was a decrease in initiation age from 8.2 years (born 1982-1986) to 7.1 years (born 1997-2001), 25 but no such decrease was seen in our study (Supplementary Materials). Approximately 10% of all patients in both 2005-2009 and 2010-2013 in our study initiated prednisolone after age 10 years, which affected the median age. Recently, several long-term effects of glucocorticoids on the disease after loss of ambulation have been reported, such as slowed progression of scoliosis and stabilization of cardiopulmonary function. However, the effectiveness when initiated in nonambulatory patients is unclear. Therefore, some clinicians may initiate steroids relatively late in the ambulatory phase.
Thus, there appears to be a lack of consensus regarding steroid therapy. However, this might be accounted for by the fact that our target population (born in 1995-2008) was younger than in related studies. 21, 25 Furthermore, we excluded patients older than 20 years (before 1994), because of the lack of steroid users in the registry. Moreover, we sorted patients by year of initiation to investigate how prescribing trends were affected by the guidelines, while previous research has sorted participants by birth year. 25 Among 20 past users, the most common reasons for withdrawal were obesity (60%) and loss of ambulation (30%). In a study by Matthews et al., the most common reasons for withdrawal among 150 patients were weight gain (23.3%), behavioral side effects (19.1%), and loss of ambulation (15.8%). 24 While the sample size in our study was smaller, there was a slightly higher rate of obesity than in the related study.
Our study had some limitations. First, questionnaire distribution by means of opt-in patient registries may have resulted in selection bias. Registries tend to attract patients who are more engaged with the DMD community and who are aware of and more inclined to campaign for best practice care. 26 According to a Japanese proceeding, the total number of patients with DMD in Japan as of 2010 was estimated to be 3500, including 1,100 aged 5-to 20 years. Based on this assumption, the 639 patients identified would account for 58% of the DMD population aged 5-20, suggesting that our results may not reflect Japanese trends overall. Further selection bias may have been introduced by survey participation, as we had a response rate of 41% (50% in ages 5-9 years, 40% in ages 10-15 years, and 34% in ages 16-20 years).
Steroid therapy effects are more recognized than before in Japan. As such, younger patients might be more interested in their treatment. Moreover, recall bias may be increased in patients who initiated steroid therapy earlier. Also, the low response rate in older patients might not only make the results less reliable but also affect the results compared by initiation year. Furthermore, age at initiation was only recorded to the nearest year to simplify the responses. Nevertheless, the results suggest that use of a daily steroid regimen increased significantly, irrespective of any bias.
This nationwide survey, carried out by means of Remudy, is a report of steroid therapy for patients with DMD in clinical practice in an Asian country. Li et al. 27 described a database of DMD and Becker muscular dystrophy patients in East China, and reported the distribution of steroid use in registrants with DMD. Few Asian studies have discussed steroid regimen, dose, and initiation age in detail. We previously reported a large-scale retrospective study of the long-term effects of prednisolone on walking ability using the same registry database. However, this previous study did not analyze regimen, dose, or starting age, because these items had not been included in the database. We address these variables in the present study. Our studies emphasize the importance of patient registries in contributing to developments in existing care and treatment and as a resource for future trials databases. In this study, we did not focus on patients' subjective report of effectiveness, side effects, and concerns about steroid therapy, instead we report on clinicians' prescription behavior. Further prospective studies are needed to assess the effects and tolerability of steroid therapy by including more parameters with appropriate outcome measures.
Prednisolone has been approved for pharmaceutical use in DMD patients since 2013, and domestic guidelines for DMD were published in 2014. 13 These innovations should raise the awareness of steroid therapy among clinicians, patients, and their families nationwide. This study analyzed prescribing behaviors before publication of the domestic guideline, and the surveys should be repeated to monitor trends in steroid therapy and to consider adherence to the guidelines, as noted by Fox et al. 25 Prospective studies comparing the effect and safety of frequent and recommended regimens have recently been conducted in western countries. Escolar et al. 6 reported a randomized blinded clinical trial comparing high-dose weekend prednisone (10 mg/kg/week) with the recommendation (prednisone 0.75 mg/kg/day) and concluded that the high-dose weekend regimen was as effective and safe as the daily regimen. Ricotti et al. 28 performed a 4-year prospective longitudinal observational study comparing prednisolone 10 days on, 10 days off with prednisolone daily. They found no significant difference in the median age at loss of ambulation, though there were differences in the severity of side effects. A 5-year international, multicenter, randomized, double-blind, controlled clinical trial has been started (FOR-DMD) to evaluate efficacy and safety among the 3 most frequent regimens in western countries: prednisone 0.75 mg/ kg/day daily, deflazacort 0.9 mg/kg/day daily, and prednisone 0.75 mg/kg/day for 10 days on, 10 days off.
The effects of prednisolone every other day regimens have been reported in 2 Japanese studies. Sato et al. 29 evaluated the effects of prednisolone on intellectual ability and motor function in 20 patients using prednisolone 0.75 mg/kg every other day (0.12-0.5 mg/kg/day) for 2 years in comparison with 9 controls. Intelligence quotient scores improved, and motor function was preserved in the treated group. Ishigaki et al. 30 compared longitudinal clinical data between 7 steroid treated (prednisolone 0.5 mg/kg, every other day) and 10 nontreated patients over age 15 years. Ages at loss of ambulation and initiation of noninvasive ventilation did not differ. There was an earlier onset of cardiomyopathy in 2 treated patients than in the nontreated, and the ratio of cardiomyopathy development differed significantly (29% vs. 90%; P 5 0.018). We need to assess efficacy and safety between daily and every other day regimens, as evidence for this is limited worldwide 8 . Clinical research should be encouraged in Asian and western countries to optimize steroid therapy worldwide. As demonstrated by Ricotti et al., 28 it is important to collect longitudinal data on patients treated according to standardized protocols and to identify the benefits and side effect profiles of different treatment regimens. This will provide evidence for informed choice for patients, families, and clinicians not only in Japan but also worldwide. We also need to assess the efficacy and safety profile of starting and continuing glucocorticoid administration in nonambulant patients. The implementation of multidisciplinary interventions, particularly respiratory management, means that the life expectancy of DMD patients has shifted to the third/fourth decades. 31 It is, therefore, necessary to carry out longitudinal analyses to evaluate survival and quality of life in DMD patients and to determine the optimal treatment protocol in terms of continuing steroid therapy beyond loss of ambulation.
It is hoped that new drugs to cure DMD will be developed in the near future. In the meantime, corticosteroids are the only available medicines that have a proven effect on muscle weakness in boys with DMD. Our study showed some changes in clinician prednisolone prescribing behaviors for DMD from expert opinion to an evidence-based recommendation approach. However, further studies are needed in Japan, as in western countries, to provide evidence to allow optimization of steroid therapy for DMD worldwide.
